(19) 




Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 




1 





(11) 



EP 0 712 614 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date ot publication anc mention 
of the gram of the paten:: 
02.04^003 Bulletin 2003/14 

(21) Application number: 953081 B5.8 

(22) Date of filing: 15.11.1995 



(54) Intraluminal stent lor attaching a graft 

intravaskularer Stent 2ur Befestigung einer Prothese 
Stent endoluminal pour fixer une prothese vasculaire 



(51) lntCl7: A61 F 2/06 



\ 



(84) Designated Contracting States: 
CH DE FR GB IT LI NL 

(30) Priority: 15.11.1994 US 340112 

(43) Date of publication of application: 
22.05.1996 Bulletin 1996/21 

(73) Proprietor: Advanced Cardiovascular Systems, 
Inc. 

Santa Clara, CA 95052 (US) 

(72) Inventors: 

• Brown, Peter S. 

CA 94041 Mountain View (US) 

• Cannon, James M. 

CA 95051 Santa Clara (US) 



• Frantzen, John J. 
CA 95228 Copperopolis (US) 

(74) Representative: 

McLeish, Nicholas Aiistair Maxwell et al 
Boult Wade Tennant. 
Verulam Gardens 
70 Gray's Inn Road 
London WC1 X 8BT (GB) 



CD 

oa 
o 

CL 



(56) References cited: 
EP-A- 0 497 620 
EP-A- 0.540 290 
EP-A- 0 621 016 
EP-A- 0 686 379 
DE-A-4 303181 
US-A- 5 064 435 
US-A- 5 397 355 



EP-A- 0 539 237 
EP-A- 0 551 179 
EP-A- 0 657 147 
WO-A-92/06734 
US-A- 3 657 744 
US-A-5104 399 



Note: Within nine months from the publication of the mention ot the grant of the European patent, any person may give 
notice to the Eurooean Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has oeen paid. (Art. 
99(1) European Patent Convention). 



Primed by Jouve. 75001 PARIS (FR) 



1 



£P 0 712 614 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The invention relates generally' to endopros- 
theses and, more specifically, to intralumma! grafts and 
devices for delivering and deploying the same to an area 
of a body lumen tha: has been weakened by damage or 
disease, such as by an aneurysm of the abdominal aor- 
ta. 

[0002] An abdominal aortic aneurysm ("AAA") is an 
abnomia! dilation ol the aneria! wall of the aorta in the 
region of the aorta that passes through the abdominal 
cavit>'. The condition most commonly results from 
atherosclerotic disease. Frequently, abdominal aortic 
aneurysms are dissecting aneurysms, that is aneu- 
rysms that are formed when there is a tear or fissure in 
the arterial lining or wall through which blood is forced 
and eventually clots, fomning a thrombosis which swells 
and weakens the vessel. Abdominal aortic aneurysms 
do not cause pain, but are easily detected in a thorough 
physical examination. If the aneurysm is not detected 
and treated, it is likely to rupture and cause massive he- 
morrhaging fatal to the patient. 
[0003] Treatment of AAAs comprises some form of ar- 
terial reconstructive surgery which commonly is referred 
to as a "tripie-A" procedure. One such method is by- 
pass surgery, in which an incision is made into the ab- 
dominal cavity, the aorta is closed off above and below 
the site of the aneurysm, the aneurysm is resected, and 
a synthetic graft or tube sized to approximate the diam- 
eter of the norma! aorta is sutured to the vessel to re- 
place the aneurysm and to allow blood flow through the 
aorta to be re-established. The graft commonly is fabri- 
cated of a biocompatible material that is compliant and 
thin-walled. Nylons and synthetic fibers such as those 
manufactured under the trademarks b AC RON or TE- 
FLON have been found to be suitable for the construc- 
tion of the graft. Studies have shown that the mortality 
rate associated with this surgical procedure is favorable 
(less than 5%), when rt is perfomned prior to rupture of 
an aneurysm. However, patients having an AAA typical- 
ly are over 65 years of age, and often have other chronic 
illnesses which increase the risk of perioperative or 
post-operative complications. Those patients thus are 
not ideal candidates for this type of major surgery. Fur- 
ther, it has been pointed out that this procedure is not 
often successful after an aneurysm has ruptured (the 
mcrtalrty rate increases to over 65%), because of the 
extensiveness of the surgery and the time required to 
prepare a patient for the procedure. 
[0004] Because of the aforementioned disadvantag- 
es to conventional surgical methods, another procedure 
was developed as an altemative to conventional, major 
surgery. This method also involves emplacement of a 
graft at the s'rte of the aneurysm; however, the graft is 
deployed there by being carried by a catheter, wire or 
other device suitable for negotiating the vasculature 



which is routed through the vascular system to the target 
area for treatment. The graft and its deployment system 
often are introduced into the blood stream percutane- 
ousty with a femoral approach and the entire procedure 
5 can be perfomned using local rather than general an- 
esthesia. 

[0005] Once the graft has been positioned at the an- 
eurysm. It is disengaged from the deliver^' system and 
can be affixed to the aortic wall both distaliy and proxi- 

10 mally of the aneurysm. For this purpose, grafting sys- 
tems usually include fixation means such as staples or 
hooks which can be manipulated and driven into the in- 
tima of the vessel via some mechanical feature of the 
system or, alternatively, by some physical process, such 

15 as by expansion of the graft through the application of 
pressure or a temperature change. To avoid premature 
detachment of the graft and to prevent the attachment 
elements from damaging the vessels or halting the for- 
ward movement of the system while the graft is being 

20 routed to the treatment site, the systems often are pro- 
vided with a feature such as a capsule or a sheath that 
protects and contains the graft until such time as deploy- 
ment is desired. 

[0006] Once the graft is in place, it is positioned In the 

25 vessel spanning the site of the aneurysm such that the 
walls of the graft are generally parallel to the walls of the 
affected area of the aorta. The aneurysm thus is exclud- 
ed from the circulatory system by the graft rather than 
being resected altogether. If the aneurysm is a dissect- 

30 ing type and a thrombosis exists between the walls of 
the aorta, the now-excluded aneurysm may beneficially 
provide structural support for the grafL 
[0007] Grafting systems are known that include what 
commonly is referred to as an attachnrrent system for 

35 deploying the graft. The attachment system is a tubular 
device which is fitted inside and is generally coaxial with 
the graft, and which can extend out of the graft at either 
or both the proximal and distal ends thereof. The attach- 
ment system often has a lattice-like or open-weave 

40 structure, that provides it with flexibility and which pro- 
motes rapid endothelial tissue growth through the struc- 
ture once the graft has been deployed. It may be pro- 
vided with additional hook-like elements for penetration 
of the intimal walls for attachment of the graft to the aor- 

45 ta, or such hook-like elements may be provided on the 
graft itself. Graft systems of type described can be found 
in U.S. Patent Nos. 4,787,899 (Lazarus): 5,1 04,399 (La- 
zams). 

[0008] The actual function of delivering the graft may 
50 be accomplished by inflating a balloon of a catheter, by 
introducing pressurized fluid into a lumen of the catheter 
from a source external to the patient. Inflation of the bal- 
loon applies a force to the graft and any attachment sys- 
tem supplied therein. This force extends radially and 
55 presses the graft and attachment system into the vessel 
wall just above and just below the aneurysm. When an 
attachment system is used, disengagement of the cath- 
eter from the graft also has been accomplished by taking 
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advantage of tne cnemical proDerties o' the material 
from which the atiacnment sysTem is manufactured. Por 
example, a prior ar attachmen: system is known thai is 
in the form of a coi' of an nickel-titanium alloy, manufac- 
tured under the traoemark NmNOLT^: that will expand 
radiallv UDon beinc heated to & highertemperature. The 
longitudinal dimensions of any anachmem system used 
must account for any reduction sn length that might result 
from radial expansion of the device. Other devices used 
10 attach a graft to tne aortic wal! for AM repair include • 
intravascular stems of the type found in U.S. Patent No. 
4733.555. Other terms of sten: are descrioed in WO-A- 
9,206:734 and EF-A-0 .540.290 while otherf ornis of aor- 
tic gran are described in EF^-0,551,179 and EP-A- 
0,539,237. 

[0009] WO-A-S.20B,734 describes a self-expanding 
endovascular stem that holds a passageway enlarged 
by placing the stent into a lumen. The stent comprises 
a cylindrical frame fonmed by a plurality of unit structures 
each foniied into a closed zig-zag configuration includ- 
ing an endless series of straight sections and joined by 
bends. Connecting members are provided which con- 
nect the unit structures while a mesh is wrapped around 
an outside of the frame. 

[0010] Likewise, E?^-0,540,290 describes an ex- 
pandable stent for implantation in a body lumen, such 
as an anery. The stent consists of a plurality of radially 
expandable cylindrical elements generally aligned on a 
common axis and.imerconnecied by one or more inter- 
connectwe elements. The individual radially expanda- 
ble cylindrical elements consist of ribbon-like material 
disposed in an undulating pattem. 
[001 1] 3y contrast EP^-0351 ,179 describes a bilat- 
eral intra-aortic bypass graft and a method and appara- 
tus for repairing an abdominal aortic aneurysm including 
two tubular grafts which are intraluminally delivered to 
the aorta and secured to the aorta by the expansion and 
deformation of two expandable and defomnable tubular 
members. 

[0012] =P-A-0,539^37 describes a transluminal 
grafting system for grafting a prosthesis to the wall of a 
lumen comprising a tubular graft provided with spring 
assemblies and anchoring bartas. The prosthesis is 
mounted on an apertured tubular carrier and a central 
control means is inserted into the bore of the apertured 
canrier. flooring loops are attached to the prosthesis, 
pass through the apertures of the tubular carrier, and 
engage the central control means. An introducer sheath 
covers the system for smooth insertion into a lumen. 
When the graft has been positioned, the central control 
means maintains the axial position of the prosthesis. 
When the introducer sheath is pulled, the prosthesis is 
exposed and the spring assemblies return to an expand- 
ed state and anchor the graft against the internal wall of 
the lumen. 

[0013] In order for a stent to be used most advanta- 
geously with a graft deployment system for treatment 
and repair of aneurysms, the stent must be composed 



of a biocompatible material. The stem simultaneously 
must be flexible enough to comply with the catheter or 
other element used to route the graft through the often 
tortuous vascular path to the site of the aneurysm and 

5 strong enough radially to maintain the opening in the 
graft once delivered. The stent must oe well suited to 
deployment by a delivery system that is not overiy com- 
plex, and thus is reliable and easy to ooerate. Further, 
it is desirable that the stent be expandable, so that upon 

10 application of a force or physical change from within, 
which is sufficient to cause its radial expansion, the stent 
encourages affixation of itself and of the graft to the aor- 
tic walls. Although various graft deliver^' systems have 
been proposed, none adequately provides all of these 

15 desirable features. 

[0014] What has been needed and heretofore una- 
vailable Is a stent for use in combination with a graft 
which has a high degree of flexibility for efficient ad- 
vancement through tortuous passageways, which can 

20 be radially expanded from a relatively small diameterto 
a relatively large diameter without substantial longitudi- 
nal contraction, and which exhibits mechanical strength 
sufficient to adhere to the vessel walls and to maintain 
the patency of a synthetic graft implanted at the site of 

25 an aneurysm. 

SUMMARY OF THE INVENTION 

[0015] According to a first aspect of the present inven- 

30 tion there is provided an intravascular stent for implant- 
ing in a body lumen, comprising: a plurality of cylindrical 
elements which are independently expandable in the ra- 
dial direction and which are interconnected so as to be 
generally aligned on a common longitudinal axis, each 

35 cylindrical element having a serpentine pattem of alter- 
nating peaks and valleys; a plurality of connecting ele- 
ments for interconnecting said cylindrical elements, said 
connecting elements configured to interconnect -only 
said cylindrical elements that are adjacent to each other 

40 so that said stent, when expanded in the radial direction, 
retains its overall length without appreciable shortening; 
and said stent being characterised in that it further conrv- 
prises a plurality of hooks for attaching said stent to the 
body lumen, each hook being provided at a respective 

45 peak of a cylindrical element at a first end of said stent, 
said hooks extend from said first end of said stent in a 
direction away from said stent and generally parallel to 
said common longitudinal axis. 
[001 6] Particu lar embodiments of the invention are di- 

50 reeled to a stent for use with catheter-graft delivery sys- 
tems for repairing diseased or injured vessels, and most 
notably for treating aneurysms, especially aneurysms of 
. the abdominal aorta. The stent Is expandable, so that a 
low profile can be maintained while the graft-and-stent 

55 combination is being routed to the aneurysm, and then 
expanded at the time of deployment to a diameter 
roughly approximating the diameter of a healthy abdom- 
inal aorta and the f inal diameter of the tubular-shaped 
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grati. Tubular gratis used in tne deliver^' system are con- 
ventional and are well known in the an. However, the 
sient that is disposed within the grafi is novel and 
unique. It has a configuration that allows it to expand 
radially to a mucn iarger dianieter than was heretofore 
possible, and Is crovided with hooks to penetrate the 
aortic wall at leas: above the aneurysm to anchor the 
graft. The stents are somewhat flexible along their lon- 
gitudinal axis to facilitate delivery to the treatment site 
throuah tortuous oiood vessels, but in the expanded 
condition they are radially stable enough lo maintain the 
patency of the crzt and aorLE and to attach the com- 
bined structure ic tne aortic walls. 
[0017] Thus, according to a second aspect of the 
present invention tnere is provided a graft-and-stent as- 
sembly for repairing an aortic aneurysm, the assembly 
comprising: an expandable tubular graft having a distal 
end and a proximal end and having a length sufficient 
to span the aortic aneurysm so that said distal end and 
said proximal end may be positioned adjacent healthy 
aortic tissue; an expandable stent affixed to said graft, 
said stent extending for at least a length distally of said 
graft such that upon expansion of the graft-and-stent 
combination at least a first portion of said stent will ex- 
tend distally of said distal end of said graft; said stent 
having a pluralit>' of cylindrical elements which are inde- 
pendently expandable In the radial direction and which 
are interconnected so as to be generally aligned on a 
common longitudinal axis, each cylindrical element hav- 
ing a serpentine pattern of alternating peaks and val- 
leys; a plurality of connecting elements for interconnect- 
ing said cylindrical elements, said connecting elements 
configured to interconnect onty said cylindrical elements 
that are adjacent to each other so that said stent, when 
expanded in the radial direction, retains its overall length 
without appreciable shortening; said stent further includ- 
ing a plurality of hooks on said distally-extending portion 
of said stent for engaging the aortic wall distally of the 
aneurysm and affixing the graft-and-stent combination 
to repairthe aortic aneurysm, each hook being provided 
at a respective peak of a cylindrical element at a most 
distal end of said stent, said hooks extending from said 
most distal end of said stent in a direction away from 
said stent and generally parallel to said common longi- 
tudinal axis; and catheter means for delivering and de- 
ploying said stent and said graft, said catheter means 
having a balloon portion for radially expanding said stent 
into engagement with the aortic wall. 
[0018] As used herein, reference to the "proximal" is 
toward the exterior of the patient and away from the 
stent and graft, while reference to the "distar is toward 
the stent and graft on the baltoon portion of the catheter. 
The proximal and distal references apply to directions 
in the vascular system and especially to the aorta. 
[001 9] In a preferred embodiment, a stent is attached 
to the distal end of a tubular graft such that at least a 
portion of the stent is exposed distally beyond the distal 
end of the graft. Tne graft-and-stent are deployed intra- 



luminaliy such that the stent and the dstal end of the 
graft are positioned distally of the aneurysm v/hile the 
proximal end of the graft extends proximally of the an- 
eurysm. The distal end of the stent is pn^vided with at- 

5 lachment hooks for penetrating healthy tissue in the aor- 
tic wall above the aneurysm in order to attach the grafi- 
and-stent combination to the aortic wall. The attachment 
hooks can have multiple configurations as described 
herein. Due to the high pressures associated with blood 

10 flow in the aorta, it may be unnecessary to provide at- 
tachment hocks in the proximal end of the graft since 
the graft will be held in place by the pressure of the blood 
flow. However, under certain conditions, attachment 
hooks in the proximal end of the graft may be desirable. 

15 [0020] Thus, in one embodiment, a pair of stents are 
attached to a tubular graft, one stent at the proximal end 
and one stent at the distal end of the graft. The stents 
are oriented so that when both the graft and the stents 
are expanded to larger diameter states, the stents will 

20 be coaxial with the graft. The portions of the stent ex- 
tending out of the graft are affixed with hooks for pene- 
trating healthy tissue in the walls of the aorta above and 
below the aneurysm, to aid in attaching the combined 
structure to the aortic wall. The hooks can have multiple 

25 configurations such as one or more barbs, and the barbs 
can be of various shapes, containing one or more an- 
gles, so that the hooks effectively will anchor the graft- 
and-stent combination to the aortic wall. 
[0021] The graft-and-stent combination is readily de- 

30 livered to the aneurysm by mounting it on a balloon por- 
tion of a delivery catheter, and passing the catheter- 
graft-stent assembly through the vasculature to the im- 
plantation site. A variety of means for securing the graft- 
and-stent combination to the catheter during delivery is 

35 available. Presently, it is pretended to compress the stent 
onto the balloon, and to retain the stent and the graft on 
the balloon using a protective sheath. 
[0022] Other features and advantages of the present 
invention will become more apparent from the following 

40 detailed description of the invention, when taken in con- 
junction with the accompanying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0023] FIGURE 1 is a plan view depicting the stent 
having hooks at one end and prior to rolling It into a cy- 
lindrical configuration. 

[0024] FIG. 2 is a perspective view of a portion of the 
stent of FIG. 1 rolled into a cylindrical configuration with 
50 only the top ring fully depicted for clarity. 

[0025] FIG. 3 is a perspective view of a portion of the 
. stent of FIG. 1 rolled into a cylindrical configuration and 
expanded, again with only the top ring fully depicted for 
clarity. 

55 [0026] FIG. 4 is a plan view depicting a stent in a flat- 
tened form and having support bars on the edges for 
welding when the stent is rolled into a cylindrical form 
and depicting spikes for attachment means. 
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[0027] rlG. 5 is a plan view ot a stent depicting lap 
ioints whicn mate when the stent is rolled into a cylindri- 
cal confiQuration. 

[0028] FIG. 6 is a plan view of the stent depicting an 
alternate embodiment of the invention having attach- 
ment hooks with barbs. 

[0029] FIG. 7 is an enlarged partial plan view of the 
stent oi FIG. 6 depicting the attachment hooks having 
barbs. 

[0030] FIG. 8 is an elevalional view, partially in sec- 
tion, of the stents incorporated into a graft and of a de- 
livery system, which can deliver and deploy the stents 
and graft. 

[0031] FIG. 9 is an enlarged partial view of one of the 
stents shown in FIG. B attached to the graft. 
[0032] FIG. 1 0 is an elevational view, partially in sec- 
tion, ot the stent, graft, and delivery system of FIG. 8, 
after the graft-and-stent combination has been ad- 
vanced and deployed in the region of an aneurysm and 
the stents have been deployed. 
[0033] FIG. 11 is an elevational view, partially in sec> 
tion, of the graft-and-stent combination of FIGS. 9 and 
10, after the combination has been deployed and the 
catheter withdrawn. 

[0034] FIG. 12 is an elevational view, partially in sec- 
tion, of another means by which a stent embodying the 
invention can be incorporated into a graft delivery sys- 
tem, depicting the system prior to advancement of the 
graft-and-stent combination into the region of an aneu- 
rysm. 

[0035] FIG. 13 is an elevational view, partially in sec- 
tion, of the delivery system of FIG. 12 after the graft- 
and-stent combination has been advanced and partially 
deployed in the region of an aneurysm. 
[0036] FIG. 14 is an elevational view, partially in sec- 
tion, of an alternate means by which a stent embodying 
the Invention can be incorporated into a graft delivery 
system, depicting the system prior to deployment of the 
graft-and-stent combination. 

[0037] FIG. 15 is an elevational view, partially in sec- 
tion, of the delivery system of FIG. 14, depicting the sys- 
tem during deployment of the graft-and-stent combina- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] The invention relates to an intravascular stent, 
one or more of which is used in conjunction with a known 
tubular graft for repairing body lumens of all types. As 
described herein, reference is made to repairing an aor- 
tic aneurysm, however, other body lumens are equally 
suited to receh/e the graft-and-stent combination of the 
present invention. 

[0039] FIG. 1 depicts a stent 10 embodying features 
of the invention, in the state the stent would appear If 
flattened prior to rolling into a cylindrical configuration. 
The stent generally is comprised of a plurality of cylin- 



drical rings 12 which are spaced close enough together 
to allow the stent to provide a reliable means of attaching 
the graft at the treatment site, but are not so tightly 
spaced as to in hibit the flexibility of the combination. The 

5 cylindrical rings are connected to each other by connect- 
ing members 14. Each cylindrical ring is characterized 
by a serpentine or wave pattem, having a series of al- 
ternating peaks 16 and valleys 18. Tne degrees of cur- 
vature indicated by arrows B along adjacent peaks and 

10 valleys are different and, preferably, the pattem of each 
cylindrical ring is in phase with the pattem of every other 
cylindrical ring. Attachment elements 20. shown in FIG. 
1 in the form of hooks, are provided on a first end 22 of 
the stent, to engage with the aortic wali when the stent 

15 is deployed. A second end 24 of the stent will be at- 
tached to the graft when the graft-and-stent combination 
is assembled. As is described more full>' below in rela- 
tion to FIGS. 8-1 1 , when two stents 1 0 are used in com- 
bination with a single graft, only the stent situated at the 

20 most distal end of the graft need be provided with at- 
tachment elements in order to adequately anchor the 
combination to the vessel. In FIG. 1. the configuration 
of the hooks is such that each Is positioned at every oth- 
er peak 1 8 that is at the first end 22 of the stent, which 

25 will comprise the most distal end of the stent when it is 
fully formed and oriented for deployment. Each hook 
has a shaft portion 32 extending outwardly from the dis- 
tal most cylindrical ring, and a barb portion 34 extending 
from the shaft. 

30 [0040] The expansion properties of stainless steel 
make it a preferred material for the stent 10. As is set 
forth more fully below, the stent, including the hooks, 
can be fomned from a flat sheet of material by chemically 
etching, laser cutting, or electronic discharge machining 

35 (EDM) and the like. It also is contemplated that the 
hooks may be formed independently of the stent and 
subsequently attached to It by welding, brazing or an- 
other process with the equivalent effect. The body "has 
width W and length L, which length will be parallel with 

40 a longitudinal axis A of the stent when the body is rolled 
into a cylinder. To secure the cylinder lengthwise edges 
28 and 30 of the body can be connected with a suitable 
means such as by welding, brazing, soldering or with 
adhesives. A yttrium- YAG laser is partbulariy suitable 

45 for welding the lengthwise edges 28,30 together (See 
FIG 2). 

[0041] In a presently preferred embodiment, as 
shown in FIG. 1 Jt is contemplated that a stent with the 
dimensional characteristics disclosed below would be 

50 suited for use with a graft in triple-A procedures with a 
variety of vascular anatomies. It is dear, however, that 
a stent with other dimensions might be equally useful in 
a graft delivery procedure. Preferably, the stent 10 is 
formed from a flat sheet of stainless steel. For a flat 

55 sheet, prior to being rolled into a cylindrical shape, width 
W of the stent is approximately 1 6 millimeters (0.63 inch- 
es), while length L of the stent exclush^e of hooks 20, is 
in the range of about 5.1 to 50.8 millimeters (0.2 to 2.0 
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inches). It is desirable for the connecting members 14 
to have a transverse cross-section similar to the trans- 
verse dimensions of the undulating components of the 
expandable bands. The shaft of each hook has length 
C of approximately 1 .3 millimeters (0.05 inch) and diam- 
eter (or width) D of approximately 02 millimeters (0.008 
inch). The barbs of the hooks have width E of approxi- 
mately 0.8 millimeters (.03 inch). As stated, these di- 
mensions are preferred, but the selection of the most 
appropriate dimensions in a particular clinical situation 
may vary consider^ly from patient to patient. 
[0042] After the stent 1 0 has been rolled into its cylin- 
drical shape from s flat sheet, as seen in FIG. 2, the 
features of the device are such as to allow the stent to 
be unlfomnly expanded in a radial direction, FIG. 3, both 
to a significant degree and without large variation in the 
level of diametric expansion of each cylindrical ring. The 
cylindrical rings 12 are transverse to the longitudinal ax- 
is A of the finished stent, and the varying degrees of 
curvature B between peaks 16 and valleys IB tend to 
equalize the stresses experienced by the stent during 
expansion, so that the peaks and valleys of each band 
deform radially with substantial uniformity upon applica- 
tion of an expansion force. The structure pemnits the 
stent to increase from an initial, small diameter to any 
number of larger diameters (See FIG. 3). When the In- 
terconnections 14 between two cylindrical rings are 
aligned with the interconnections between all other cy- 
lindrical rings, such that the attachment is accomplished 
by traversing the distance between the peaks 1 6 of con- 
secutive cylindrical rings, the serpentine pattern of each 
cylindrical ring is In phase with the pattern of every other 
ring. This manner of connection of the cylindrical rings 
thus minimizes the degree to which the stent will be 
shortened or will contract along its longitudinal axis 
when it is expanded radially about longitudinal axis A. 
This configuration also limits twisting of the stent upon 
expansion and it enhances more uniform expansion. 
The in-phase cylindrical ring patterns further are thought 
to reduce the likelihood that the stent or any portion of 
it will recoil, or collapse back to its starting diameter after 
deployment. 

[0043] The number and orientation of the connecting 
members of the stent 1 0 can be varied in order to max- 
imize the desired longitudinal flexibility of the stent struc- 
ture both in the unexpanded and in the expanded con- 
dition. Flexibility is advantageous during deployment of 
the .graift and stent because it improves the ease and 
safety with which the combination can be delivered 
through the vascular system to the aneurysm. Following 
affixation of the stent to the aortic wall, longitudinal flex- 
ibility minimizes alteration of the natural physiology of 
the aorta due to the implant and helps to maintain com- 
pliance of the portions of the vessel supporting the graft. 
The discrete bands also have the capacity to rotate 
slightly with respect to each other without causing any 
significant alteration of the basic cylindrical structure of 
the stent. Accordingly, the cylindrical rings and connec- 
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tions cumulatively result in a stent that is very flexible 
along its length or longitudinal axis, but which provides 
uniform expansion and is very stable and resistant of 
collapse. The reticulated structure supplied by the pat- 

5 teming allows for the perfusion of arterial blood into the 
region of the aortic wall to which elements 14 are at- 
tached to anchor the graft and stents or graft and stent 
in place. Such perfusion promotes assimilation of the 
synthetic prostheses by the aorta and, more generally, 

10 healing of the treated site. 

[0044] The more uniform radial expansion of this de- 
sign resu Its in a stent 1 0 that can be expanded to a large 
diameter without substantial out-of-plane twisting, be- 
cause no high stresses are concentrated in any one par- 

?5 ticular region of the serpentine or wave pattem. Rather, 
the forces are evenly distributed among the peaks 1 6 
and the valleys 18, allowing the cylindrical rings 12 to 
expand uniformly. Minimizing the cut-of-plane twisting 
experienced by the stent during delivery and deploy- 

20 ment of the graft-and-stent combination also carries with 
it the benefit of minimizing the risk of thrombus forma- 
tion. The special expansion characteristics of the stent 
of the invention also allow any portion of the stent that 
extends distally or proximally of the graft to continue to 

25 expand even when the graft has achieved its maximum 
cross-sectional dimension, so as to more securely affix 
the graft-and-stent combination to the vessel above and 
below the aneurysm. 

[0045] The uniformity in stress distribution further re- 
30 duces the likelihood that fractures in the stent 10 will 
occur due to stresses applied to any particular region or 
cylindrical ring 12 of the stent. This feature also contrib- 
utes to the ability of the stent to be expanded to a greater 
degree and at a faster rate than was feasible previously 
35 with other designs. Radial strength is not sacrificed upon 
expansion and the degree to which expansion causes 
longitudinal contraction, and thus a shortening of the 
stent, is minimal. 

[0046] In FIG. 4, the attachment elements 20 are in 

40 the fonm of spikes rather than hooks, being straight and 
having sharply pointed tips at the end of the shafts. The 
length C and the length F of shafts 32 and tips 40 r^ 
spectively, are approximately 1.3 millimeters (0.05 
inch). When the stent 10 is expanded, some of peaks 

45 16 or valleys 18 of the cylindrical ring 12, or portions 
thereof, which extend distally or proximally of the graft, 
may tip outwardly, becoming embedded in the aortic 
wall and forcing the spikes also to become lodged in the 
vessel, thus aiding in retaining the stent in place as the 

50 stent becomes pennanently implanted. Support bars 36 
are provided at lengthwise edges 28 and 30 of the stent 
body 26» to provide support material for a joint. As the 
stent 1 0 is rolled into a cylindrical form, the edges 28,30 
can abut or overiap and then can be permanently affixed 

55 to each other by known means such as laser welding, 
brazing, soldering, epoxy, and the like. 
[0047] Still another design of stent is shown in FIG. 5. 
As in FIG. 4, the attachment elements 20 are configured 
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as spikes instead o*: as barbe:- nooks. In iieu of support 
bars 36. the lengtnwise edges 28 and 30 of stent body 
26 are provided with iap joints 58, which allow the stent 
to be mechanically secured as s cylinder. The lap joints 
38 are configured to mate when the stent 1 0 is rolled 
into its cylindrical configuration. The lap joints 38 are at- 
tached to each other by welding, brazing, soldering, or 
the application of an epoxy or an adhesive. Attachment 
hooks 20 having a barb portion 34 also may be formed 
on the stent end cDDOsite atiachment spikes shown in 
FIG. 5. 

[0048] Another embodimer.: of the anachmenl ele- 
ments 20 is illustrated in FIGS. 5 and 7. Barbs 34 with 
dimensions similar lo those of the barbs of FIG. 1 are 
provided, however, the barbs further are equipped with 
tali portions 42, which have length G of approximately 
1.3 millimeters (0.05 inch). Again, the dimensions set 
forth herein only are for illustration purposes and will 
vary widely depending upon the application and the pa- 
tient. It readily can be appreciated that many othertypes 
of hook may be affixed to or formed unilaterally with the 
stent body without departing mm the scope of the in- 
vention. For example, multiple barbs can be provided 
spaced apart from each other on the shaft of a single 
attachment element for more tnan one anchor site per 
element. The angles fonrned between the shafts and 
barbs can vary and can be selected so as to best ac- 
complish the anchoring function in a given application. 
Many other shapes and configurations are contemplat- 
ed that are designed to optimize the atiachment of the 
end of the stent to the aortic wall while the healing proc- 
ess Is taking place to assimilate the stent and graft into 
the vessel by endothelial tissue growth. 
[0049] Details of the various processes by which the 
stainless steel stent can be manufactured can be found 
in co-pending EP-A-6S2 307 and US-A-5421 955. Brief- 
ly, the stainless steel stent can be fonned by a chemical 
etch process out of a flat sheet or a piece of tubing. The 
areas of stainless sieel to remain are identified by cov- 
ering the regions with a material resistant to the chem- 
icals used in the etching process, such that when the 
metal is exposed to the chemicals, the openings or ret- 
icles in the patterned structure are created by reaction 
of the chemicals with the unprotected areas of the steel. 
The etching process develops smooth openings in the 
sheeting or tubing devoid of burrs or other artifacts that 
can be characteristic of other processes when products 
of the small sizes contemplated here are manufactured. 
An electropolishing process may be used after the 
chemical etching is complete in order to polish the stent 
surface. The stent surface can be polished to an approx- 
imately 12.7 to 25.4 micron (5 to 1 0 micro inch) finish. 
[0050] There are numerous advantages in chemically 
etching a flat sheet of material, such a stainless steel, 
into a stent emboyding the invention. For example, 
chemical etching is economical since a large number of 
stents can be chemically etched on the same flat sheet 
at the same time. Tne chemical etching process creates 



no bun's and the surface finish of the eventual inside 
diameter of the stent can be improved by electro-polish- 
ing on one side only. Further, chemical etching creates 
no extra heat treating to the parts that are being proc- 

5 essed. The raw material wall thickness and grain struc- 
ture is more uniform in a flat sheet as opposed to chem- 
ical etching a stainless steel tube. Further, in a flat sheet, 
the bevel of the etching can be controlled, whereas 
when tubing is etched, the bevel creates a thicker part 

10 on the inside diameter and a thinner pan on the outside 
diameter. 

[0051] An important advantage of chemical etching 
the stent from a flat sheet of stainless steel materia! is 
that a process known as "step etching" can be used. For 

15 example, by using step etching in the areas of the spikes 
20 in FIG. 4, it is possible to remove portions of material 
so that the spikes will bend outwardly when the stent is 
expanded. In other words, step etching allows for the 
removal of material in highly selective areas so that up- 

20 on radial expansion of the stent, areas having less ma- 
terial will have a tendency to bend or distort, such as 
with the spikes bending outwardly to engage the aortic 
wail. 

[0052] Photo-lithographictechniquesalsocanbeem- 

25 ployed for the manufacture of the stents, using a com- 
puter-controlled laser patteming process to remove the 
chemically resistive coating applied to the metal sheet 
or tube. A plurality of stents can be formed from one 
length of sheeting or tubing, by repeating the stent pat- 

30 tern and providing small webs or tabs to interconnnect 
the stents. After the etching process, the stents can be 
separated by severing the small webs or tabs. Subse- 
quently, if the stents were fonned on a sheet, the indi- 
vidual stents are rolled and the edges welded together 

35 to provide a cylindrical configuration. 

[0053] Yet another method of making a stent embod- 
ying the invention is by the commonly known process of 
electronic discharge machining (EDM). Using EDMrthe 
stainless steel stent can be formed from a fiat sheet or 

40 from a section of tubing. 

[0054] When the stent 1 0 is made from a material that 
is difficult or impossible to detect under fluoroscopy, 
such as stainless steel, it is desirable to incorporate ra- 
diopaque markers to identity the position of the graft- 

45 and-stent assembly during deployment. The stent 10 
can be coated with a metal film that is radiopaque, such 
as gold, silver, platinum, tantalum and the like. One 
method of coating the stent with a radiopaque mariner is 
disclosed in patent application EP-A-679 372. 

50 [0055] One preferred method of incorporating the 
stent into a graft delivery system is illustrated in FIGS. 
8-11. The delivery system 50 is used to deploy tubular 
graft 52 at the site of abdominal aortic aneurysm 54 via 
stents 56 and 58. The structure of stents 56 and 58, the 

55 materials from which the stents are made, and the proc- 
esses that might be used to form the stents are set forth 
in detail in connection with the discussion of FIGS. 1-7. 
It is contemplated that this use of the stent could be ac- 
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compiished with a wide variei>' of gratt types. Due prin- 
cipaliy to the abilrt\' of the stent to expand rapidly trom 
a verv' small diameter to a much larger diameter without 
substantial shonening, a stent with a relatively short 
length can be used. The gratt used in this deliver>' sys- 
tenn is sized so that its cross-section substantially 
matches that of tne healthy portion of the aorta. 
[0056] Deliver^' system 5C includes multilumen cath- 
eter 60 of the tyDe used in other percutaneous proce- 
dures tor deploylr^c stents and other prostheses to re- 
pair portions of blood vessels. The catheter has a first 
lumen extending along its length which is in communi- 
cation with two expandable members or balloons dis- 
posed at the disia't end of the catheter The balloons are 
spaced apart for a distance that is slightly less than the 
length of the shortest graft intended to be deployed us- 
ing the system. Pressurized fluid or gas can be intro- 
duced into the balloon lumen to inflate the balloons, to 
exert an outwart radial force on anything disposed 
about the balloon. 

[0057] After the stents 56 and 58 have been attached 
to the araft 52. the graft-and-stent combination is loaded 
onto the distal end of catheter 60. The combination is 
positioned so that each stent overlies a balloon 62 and 
the graft rests over and is substantially coaxial with the 
portion of the catheter that is between the two balloons. 
In order to insure that the graft and stents remain in this 
position until the deployment function is accomplished, 
the two stents are compressed or "crimped" onto the 
balloons prior to insertion of delivery system 50 into the 
patient. The graft and stents also can be secured by po- 
sitioning the stents between ridges or collars provided 
on the expandable members, which will restrain lateral 
movement of the combination. Alternatively, biodegrad- 
able adhesives might be used to temporarily affix the 
stents to the balloons, the adhesives being subject to 
degradation and absorption by the body when it is de- 
sired to deploy the graft. 

[0058] The catheter 60 further is provided with a 
sheath 64 that helps to hold the graft and stents onto 
the catheter and which prevents direct contact of the el- 
ements of the combination with the walls of the vessels 
while the system is being advanced to the treatment site , 
thus protecting the vascular system of the patient from 
any sharp edges on the stents. A rod or wire 66 or other 
suitable mechanical element is connected to the sheath 
and extends proximally along the length of the catheter 
so that it can be nanipulated by the physician exterior 
to the patient and retracted (proximally) at the time of 
deployment Alternatively, a sheath can be provided that 
traverses the entire length of the catheter, and . can be 
retracted (proximally) from outside the patient to expose 
the graft-and-stent combination. 
[0059] The catheter has a second lumen through 
which guidewire 68 passes. The guidewire advanta- 
geously is advanced through the vasculature of a patient 
beyond the site of aneurysm 54 as a preliminary step in 
the graft delivery procedure. After the guidewire has 



been positioned, the catheter carrying the gratt and 
stents is advanced over the guidewire. Although a par- 
ticular form of catheter has been described to route the 
graft-and-stent combination to the aneurysm, It will be 

5 apparent to those skilled in the art of treating aneurysms 
and similar conditions and of percutaneous catheter de- 
sign that catheters of various configurations or wires and 
rods or the like could be used successfull>' to perform 
the same function. For example, well known fixed wire 

10 and rapid exchange wire systems also can be used in 
the delivery system described herein. 
[0060] Attachment elements in the form of hooks 20 
are provided on the most distal end 22 of the stent 58, 
which hooks ultimately will attach the gratt-and-stent 

15 combination to regions in the intima or aortic wall. If de- 
sired or necessary to achieve a more secure attach- 
ment, hooks also can be provided on the proximal end 
of the stent 56 for attaching to the aortic wall 72 at a 
point proximal to the aneurysm. The hooks anchor the 

20 stents and the graft while the implantation process is on 
going, and before the body has naturally assimilated the 
combination through intergrowth of endothelial cells. 
[0061 ] As is shown i n FIG . 8 , the stent 56 and the stent 
58 each are affixed to an end of the gran 52 by staples 

25 53. Other appropriate means might be used, such as a 
biocompatible adhesive, for example an epoxy resin, to 
attach the stents 56, 58 to the graft 52. Alternatively, the 
stent might be sewn onto the graft at selected points. At 
least a portion of the stents 56,58 extend out of the graft 

30 52, and if the stents and graft are joined by a butt joint, 
then substantially all of the stent will extend out of the 
graft. 

[0062] In FIG. B, all of the elements of the graft deliv- 
ery system 50 except the distal end of the guidewire 68 

35 are shown positioned proximally of the aneurysm 54, 
before the graft 52 and the stents 56 and 58 have been 
deployed. The sheath 64 of the catheter 60 covers the 
graft and stents disposed about the balloons 62, and the 
distal end of the guidewire has entered the region of the 

40 aorta that is affected by the aneurysm. In FIG. 10, the 
sheath is withdrawn (proximally) exposing the graft-and- 
stent combination and the catheter is advanced so that 
the graft-and-stent combination span the aneurysm. 
The balloons 62 are inflated by the pressurized fluid or 

45 gas source external to the patient, and the radial forces 
accompanying expansion of the balloons are applied to 
expand both the graft and the stents radially outward, 
pressing both elements against the aortic wall 72 prox- 
imal to and distal to the aneurysm. The hooks 20 pro- 

50 vided on the stent 58 become embedded in the aortic 
wall 72, to anchor the graft-and-stent combination 
against downstream arterial pressure white the healing 
process takes place. In FIG. 11, the delivery apparatus 
has been withdrawn and the graft-and-stent combina- 

55 tion is in final position across the aneurysm and attached 
to healthy tissue in the aortic wall 72. It should be un- 
derstood that when the tubular graft 52 is expanded it is 
not stretching or deforming but is simply opening from 
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s closed diameie: id an open and expanded diameter. 
Tne grati nnateriai is generally inelastic and can be nnade 
fronn any number o: materials compatible with the body 
such as that manulactured under the trade names DA- 
CRON® or TEFLON®, and polymeric materials. 
[0063] Another Dreferred method of incorporating a 
stent embodying tne present invention into a graft deliv- 
ery system Is illusrated in FIGS. 12 and 13. This em- 
bodiment differs from that shown in FIGS. B-11 in that a 
single stent is usee to anchor the graft in FIGS. 12-13 
while two stents were used in FIGS. B-1 1 . A single stent 
is appropriate in tne aorta where blood pressures can 
exceed 100 mm/i-tg, which is enough force to hold the 
proximal end of the graft in place without the need for 
an anchoring stem on the proximal end of the graft. 
[0064] Deliver^' system 80 (FIGS. 12-13) is shown in 
the abdominal aona, just proximal to the aneurysm 54. 
A single stent B2 is attached by its proximal end 24 to 
the distal end of the graft 52 by staples, adhesive, or by 
sewing or other appropriate means as previously de- 
scribed. The graft-and-stent combination is mounted on 
the catheter 60 and the stent is crimped or compressed 
onto the balloon 62. A retractable sheath 64 covers and 
protects both the graft-and-stent combination during de- 
livery through the vascular system until the sheath 64 is 
withdrawn proximally to allow deployment of the combi- 
nation. Hooks 20 extend from the most distal cylindrical 
element 1 2 to attach the graft and stent to the aortic wall 
72. As can be understood with reference to FIGS. 12 
and 13, the stent is affixed to the distal end of the graft 
so that it substantially extends out of the graft, with the 
result being that radial expansion forces can be applied 
to the stent by inflating the balloon 62 of the catheter 60 
and simultaneously applying expansion force to the 
graft 52. The stent is expanded simultaneously with the 
graft to drive the hooks 20 into the aortic wall 72 in 
healthy tissue distal to the aneurysm 54, to anchor the 
combination to the vessel. 

[0065] Another embodiment using a stent embodying 
the invention in a graft delivery system is illustrated in 
FIGS. 14 and 15. The delivery system 90 includes a 
stent 92 which is coaxial with and which extends the 
length of and beyond the graft 52, such that the first por- 
tion 94 of the stem 92 extends proximally of the graft 52 
and the second portion 96 extends distally of the graft. 
The most distal cylindrical element 12 of the stent 92 is 
equipped with hooks 20, which will be relied upon at the 
time of deployment to anchor the graft-and-stent com- 
bination to healthy aortic tissue while the prosthesis is 
accepted by the body of the patient. 
[0066] The balloon 98 necessarily must have a much 
greater length when measured along a longitudinal axis 
A of the stent 92 than the balloons of previously de- 
scribed embodiments, because the stent of this embod- 
iment is at least double the length of either of the two 
stents used in the preferred method of delivering the 
graft and of the stent used in the embodiments of FIGS. 
8-13. 
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[0OS7] As can be seen with reference ic FIG. 15. the 
stent 92 and the graft 52 which overlies t are positioned 
so that the graft spans the length of tne aneurysm 54. 
The balloon 98 then Is inflated with pressurized fluid or 

5 gas to expand both the graft and the stent simultane- 
ously and to force the hooks 20 into engagement with 
the aortic wall 72 distally of the aneurysm. The expand- 
able member then is deflated and the Delivery system 
withdrawn, leaving the graft-and-sten: combination in 

70 place in the blood vessel. 

[0068] While the invention has been illustrated and 
described herein in terms of its use as an endoprosthe- 
sis for implanting a graft to treat an aneurysm, it will be 
apparent to those skilled in the art that the stent can be 

15 used in other instances in other vessels of the body. Be- 
cause the described stent has attachment elements and 
the capacity to expand quickly from relatively small di- 
ameters to relatively large diameters, the stent is partic- 
ulariy well suited for implantation in almost any vessel 

20 where such devices can be used. This feature, coupled 
with the fact that the stent does not contract or recoil to 
any great degree after it is radially expanded, provides 
a highly desirable support memberfor othertypes ot en- 
doprosthesis. Other modifications and improvements 

25 may be made without departing from tne scope of the 
invention. 

Claims 

30 

1 . An intravascular stent (1 0) for impianting in a body 
lumen, comprising: 

a plurality of cylindrical elements (1 2) which are 
35 independently expandable in the radial direc- 

tion and wfhich are Interconnected so as to be 
generally aligned on a common longitudinal ax- 
is, each cylindrical element (12) having a-ser- 
pentine pattern of alternating peaks (16) and 
40 valleys (18); 

a plurality of connecting elements (1 4) for inter- 
connecting said cylindrical elements (12), said 
connecting elements (14) configured to inter- 
connect only said cylindrical elements (12) that 
45 are adjacent to each other so that said stent 

(10), when expanded in the radial direction, re- 
tains its overall length without appreciable 
shortening; 

said stent being characterised in that it further 

50 comprises 

a plurality of hooks (20) for attaching said stent 
(10) to the body lumen, each hook (20) being 
provided at a respecth^e peak (1 6) of a cylindri- 
cal element (1 2) at a first end (22) of said stent 

55 (10), said hooks (20) extending from said first 

end (22) of said stent (10) in a direction away 
from said stent (1 0) and generally parallel to 
said common longitudinal axis. 
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2. The stent (10^ of claim 1. wherein said plurality' ol 
hooks (20) penetrate the body lumen to more se- 
curely attach said stent (10) to the body lumen. 

3. The stent (10) o! claim 2. wherein said hooks (20) 
are adapted to penetrate through said body lumen. 

4. The stent (10) of claim 1, wherein said plurality of 
hooks (20) each have a plurality of barbs that ex- 
tend a distance from said hook (20) and adapted to 
penetrate through the bod^' lumen. 

5. The stent (10) of claim 1 wherein said plurality of 
cylindrical elements (12) are capable of retaining 
their expanded condition over a range of diameters. 

6. The stent (1 0) of claim 1 , wherein said plurality of 
connecting elements (14) between adjacent cylin- 
drical elements (12) extend in a direction generally 
parallel to said common longitudinal axis. 

7. The stent (10) of claim 1 , wherein the stent (10) is 
formed from a single piece of tubing. 

8. The stent (1 0) of claim 1 , wherein said stent (1 0) is 
formed from a flat sheet of material. 

9. The stent (1 0) of claim 8, wherein said stent (1 0) is 
rolled into a cylindrical configuration from said flat 
sheet of material, said flat sheet of material having 
a first longitudinal support bar (35) and a second 
longitudinal support bar (36) which mate when said 
stent (1 0) is rolled into said cylindrical configuration. 

1 0. The stent (1 0) of claim 9. wherein said first longitu- 
dinal support bar (36) and said second longitudinal 
support bar (35) are attached by any of welding, sol- 
dering, brazing and adhesives. 

1 1 . The stent (1 0) of claim 8, wherein said stent (1 0) is 
rolled into a cylindrical configuration from said flat 
sheet of material, said flat sheet of material having 
a first longitudinal edge (28) with a plurality of first 
lap joints (38) and a second longitudinal edge (30) 
with a plurality of second lap joints (38), said first 
lap joints (38) and said second lap joints (38) en- 
gaging in a mating relationship when said stent (1 0) 
is rolled into said cylindrical configuration. 

12. The stent (10) of claim 1 . wherein said stent (1 0) is 
fomied of a biocompatible material selected from 
the group of materials consisting of stainless steel, 
tantalum and thermoplastic polymers. 

13. The stent (10) of claim 1. wherein said hooks (20) 
are attached to said first end (22) of said stent (1 0) 
by any of welding, brazing, soldering and adhe- 
sives. 



14. The stent (1 0) of claim 1 , wherein said stem (1 0) is 
expandable radially outwardly from within by a force 
so that said stent (1 0) expands from a first diameter 
to a second, larger diameter to engage the body lu- 

5 men. 

15. A graft-and-stent assembly for repairing an aortic 
aneurysm, the assembly comprising. 

10 an expandable tubular graft (52) having a distal 

end and a proximal end and having a length suf- 
ficient to span the aortic aneurysm so that said 
distal end and said proximal end may be posi- 
tioned adjacent healthy aortic tissue; 

15 an expandable stent (58) as claimed in claim 1 

affixed to said graft (52), said stent (58) extend- 
ing for at least a length distally of said graft (52) 
such that upon expansion of the graft-and-stent 
combination at least a first portion of said stent 

20 (58) will extend distally of said distal end of said 

graft (52); 

and so that said plurality of hooks (20) on said 
distally-extending portion of said stent (58) may 
engage the aortic wall distally of the aneurysm 

25 and aff ixe the graft-and-stent combination to re- 

pair the aortic aneurysm; and 
catheter means (60) for delivering and deploy- 
ing said stent (58) and said graft (52), said cath- 
eter means (60) having a balloon portion (62) 

30 for radially expanding said stent (58) into en- 

gagement with the aortic wall. 

16. The graft-and-stent assembly of claim 15, wherein 
said plurality of hooks (20) adapted to penetrate the 

35 aortic wall thereby affixing the graft-and-stent com- 
bination. 

17. The graft-and-stent assembly of claim 1 5 or 1 6, fur- 
ther comprising a proximal stent (56) affixed to said 

40 graft (52) at said graft proximal end. said proximal 
stent (56) extending for at least a length out of said 
graft (52) such that upon expansion of the graft-and- 
stent combination, at least a first portion of said 
proximal stent (56) will extend out of said graft (52), 
45 said proximal stent (56) having a plurality of cylin- 
drical elements (12) which are independently ex- 
pandable in the radial direction and which are inter- 
connected so as to be generally aligned on a conr>- 
mon longitudinal axis; and a plurality of connecting 
50 elements (1 4) for interconnecting said cylindrical el- 
ements (12), said connecting elements (14) config- 
ured to interconnect only said cylindrical elements 
(12) that are adjacent to each other so that said 
proximal stent (56), when expanded in the radial di- 
ss rection, retains its overall length without apprecia- 
ble shortening. 

18. The, graft-and-stent assembly of claim 17, wherein 
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saic proxima! stent (55) has a pluraliiv' of hooks (20) 
on its proxima! end for penetrating the aortic wall 
thereby affixing the gratt-and-steni combination to 
the aortic wall. 

5 

19. The graft-ano-stent assembly of claim 15 or 15, 
wherein said expandable stent (58) is disposed co- 
axially within and affixed to said graft (52), 

20. The graft-anb-stenl assembly of claim 15, wherein io 
said balloon portion (62) assists in forcing said 
hooks (20) inic said aortic wall. 

21 . The graft-and-sient assembly of any of claims 15 to 

20, wherein said catheter means (50) further in- '5 
eludes a retractable sheath (64) for retaining said 
graft-and-stent combination on said catheter 
means (60): said retractable sheath (64) being 
adapted to be withdrawn in the proximal direction 
thereby allowing said stent (58) to radially expand 20 
into contact with the aortic wall. 

Patentanspruche 

25 

1. Intravaskularer Stent (10) zum Innplantieren in ein 
Korperlumen, umfassend: 

eine Vietzahl von zylindrischen Elementen 
(12), die in radialer Richtung unabhangig ex- 30 
pandierbar sind, und die miteinander verbun- 
den sind. so dass sie im Allgemeinen auf einer 
gemeinsamen Langsachse ausgerichtet sind, 
wobei jedes zyllndrische Element (12) ein Ser- 
pentinenmuster mit abwechselnden Gipfein 35 
(16) undTalem (18) aufweist; 
eine Vielzahl von Verbindungselementen (14), 
um die zylindrischen Elemente (12) miteinan- 
der zu verbinden, wobei die Verbindungsele- 
mente (14) derartangeordnetsind, dass sie nur ^o 
zylindrische Elemente (12), welche benachbart 
sind, miteinander veibinden, so dass der Stent 
(10) seine Gesamtlange ohne nennenswerte 
VerkOrzung beibehalt, wenn erin radialer Rich- 
tung expandiert ist; 

wobei der Stent dadurch gekennzeichnet ist, 
dass er daruber hinaus eine Vielzahl von Ha- 
*. ken (20) aufweist. um den Stent (10) am Kor- 
perlumen zu befestigen, wobei jeder Haken 
(20) an einem entsprechenden Gipfei (16) ei- so 
nes zylindrischen Elements (12) an einem er- 
sten Ende (22) des Stents (10) vorgesehen ist, 
wobei die Haken (20) von dem ersten Ende (22) 
des Stents (10) in einer von dem Stent (10) 
wegfuhrenden Richtung und im Allgemeinen ss 
parallel zu der gemeinsamen Langsachse ver- 
taufen. 
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2. Stent (10) nach Anspruch 1 , wobei die Vielzahl von 
Haken (20) in das Korperlumen einaringen, um den 
Stent (10) sicherer an dem Korperiumen zu befesti- 
gen. 

3. Stent (10) nach Anspruch 2, wobei die Haken (20) 
dafur angepasst sind, das Korperiumen zu durch- 
dringen. 

4. Stent ( 1 0) nach Anspruch 1 , wobei die Vielzahl von 
Haken (20) jeweils eine Vielzahl von Widerhaken 
aufweisen, die sich um eine Entfemung von dem 
Haken (20) erstrecken und dafur angepasst sind. 
das Korperiumen zu durchdringen. 

5. Stent (1 0) nach Anspruch 1 , wobei die Vielzahl zy- 
llndrischer Elemente (12) in der Lage sind, ihren ex- 
pandierten Zustand uber eine Reihe von Durch- 
messem beizubehatten. 

6. Stent (1 0) nach Anspruch 1 , wobei die Vielzahl von 
verbindenden Elementen (14) zwischen benach- 
barten zylindrischen Elementen (12) in einer Rich- 
tung verlauten, die im Allgemeinen parallel zu der 
gemeinsamen Langsachse Ist. 

7. Stent (10) nach Anspruch 1, wobei der Stent (10) 
aus einem einzigen Rohrenstuck gebiidet ist 

8. Stent (10) nach Anspruch 1, wobei der Stent (10) 
aus einem flachen Materialblatt gebiidet ist 

9. Stent (10) nach Anspruch 8, wobei der Stent (10) 
von dem flachen Materialblatt aus in eine zylindri- 
sche Anordnung geroitt ist, wobei das f lache Mate- 
rialblatt einen ersten Haltestab in Langsrichtung 
(36) und einen zwelten Haltestab in Langsrichtung 
(36) aufweist, die eingreifen, wenn der Stent (10) in 
die zylindrische Anordnung geroitt ist 

10. Stent (1 0) nach Anspruch 9, wobei der erste Halte- 
stab In Langsrichtung (36) und derzweite Haltestab 
in Langsrichtung (36) jeweils durch SchweiBen, Lo- 
ten, Hartioten Oder Haftmittel befestigt sind. 

11. Stent (10) nach Anspruch B, wobei der Stent (10) 
von dem flachen Materialblatt aus in eine zylindri- 
sche Anordnung gerollt ist, wobei das f lache Mate- 
rialblatt eine erste Langskante (28) mIt einer Viel- 
zahl von ersten Uberiappungsverbindungen (38) 
und eine zweite Langskante (30) mit einer Vielzahl 
von zweiten Uberiappungsverbindungen (38) auf- 
weist, wobei die ersten Uberiappungsverbindungen 
(38) und die zweiten Oberiappungsverisindungen 
(38) in einer Passverbindung eingreifen, wenn der 
Stent (10) in die zylindrische Anordnung geroitt ist. 

12. Stent (10) nach Anspruch 1, wobei der Stent (10) 
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aus einem biDlompatibter. Material gebitdet ist, das 
BUS der Grupoe von Materialien, umfassend Edel- 
stah!. Tania! und thenmoplaslische Polymere, ge- 
wahr. ist. 

13. Stem (10) nacn Ansprucn 1, wobei die Haken (20) 
an dem ersten Ende (22) des Stems (10) jeweils 
durch SchweiSen, Loten. Hartloten Oder Hattmittel 
betestigt sind. 

14. Stem (10) nacn Ansprucn 1, wobei der Stent (10) 
radial von innen nach auBen durch eine Kraft ex- 
pandierbar is:, so dass der Stent (1 0) von einem er- 
sten Durchmesser zu einem zweiten, groBeren 
Durchmesser expandiert, um das Korperlumen ein- 
zuareifen. 

15. Stem-Graft Anordnung zum Reparleren eines Aor- 
tenaneurysmas, wobei die Anordnung umfasst: 

einen expandierbaren, rohrenfonnigen Graft 
(52) mit einem distalen Ende und einem proxi- 
malen Ende und einer ausreichenden Lange, 
um sich uber das Aortenaneurysma zu span- 
nen, so dass das distale Ende und das prox'h 
male Ende an das Aortengewebe angrenzend 
positioniert werden konnen; 
einen expandierbaren Stent (58) nach An- 
spruch 1 , der an dem Graft (52) befestigt ist, 
wobei sic:h der Stent (58) wenigstens um eine 
Uinge distal des Grafts (52) erstreckt, so dass 
sich bei der Expandierung der Stent-Graft 
Kombination wenigstens ein erster Teil des 
Stents (58) distal des distalen Endes des Grafts 
(52) erstreckt; und so dass die Vielzahl von Ha- 
ken (20) an dem sich distal erstreckenden Teil 
des Stents (58) die Aortenwand distal des An- 
eurysmas eingreifen und die Stent-Graft Kom- 
bination befestigen konnen, um das Aortena- 
neurysma zu reparieren; und 
Kathetemirtiel (60) zum Einbringen und Anbrin- 
gen des Stents (58) und des Grafts (52), wobei 
die Katheiermittel (60) einen Ballonanteil (62) 
fur die radiate Expandierung des Stents (58) 
zum Eingreifen In die Aortenwand umfassen. 

16. Stent-Graft Anordnung nach Anspruch 15, wobei 
die Vielzahl von Haken (20) dafur angepasst sind, 
in die Aortenwand einzudringen, wodurch sie die 
Stent-Graft Kombination daran befestigen. 

17. Stent-Graft Anordnung nach Anspruch 15 Oder 16, 
diedaruberhinaus einen proximalen Stent (56) um- 
fasst, der an dem Graft (52) am proximalen Graf- 
tende befestigt ist, wobei sich der proximate Stent 
(56) uber wenigstens eine Lange aus dem Graft 
(52) hinaus erstreckt, so dass sich bei Expandie- 
rung der Stent-Graft Kombination wenigstens ein 
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erster Anleil des proximalen Stems (56) aus dem 
Graft (52) heraus erstreckt , wobei der proximate 
Stent (56) eine Vielzahl von zylindrischen Etemen- 
ten (12) autweist, die unabhangig voneinander in 
der radialen Richtung expandierba: sind, und die 
derart miteinander verbunden sind, dass sie im Al!- 
gemeinen auf einer gemeinsamen Langsachse an- 
geordnet sind; und eine Vielzahl von Verbindungs- 
elementen (12), wobei die Verbindungselemente 
(14) derart ausgebildet sind, dass sie nur die zylin- 
drischen Etemente (12), welche benachbart sind. 
miteinander verbinden, so dass deroroximale Stent 
(56), seine Gesamtlange ohne nennenswerte Ver- 
kurzung beibehalt, wenn er in radiaier Richtung ex- 
pandiert ist. 

Stent-Graft Anordnung nach Anspruch 17, wobei 
der proximate Stent (56) eine Vielzahl von Haken 
(20) an seinem proximalen Ende aufweist, um In die 
Aortenwand einzudringen, wodurch die Stent-Graft 
Kombination an der Aortenwand befestigt ist. 



19. Stent-Graft Anordnung nach Anspnjch 15 oder 16, 
wobei der expandierbare Stent (58) koaxial inner- 

25 halb des Grafts (52) angeordnet ist und an diesem 
befestigt ist. 

20. Stent-Graft Anordnung nach Anspruch 15, wobei 
der Ballonanteil (62) dabei hilft, die Haken (20) in 

30 die Aortenwand zu zwingen, 

21. Stent-Graft Anordnung nach einem der Anspruche 
15 bis 20, wobei das Kathetermittel (60) danuber 
hinaus eine zurQclcziehbare Hulie (64) umfasst, um 

35 die Stent-Graft Kombination an dem Kathetermittel 
(60) zu batten, wobei die zuruckziehbare Hulie (64) 
dafur angepasst ist, in proximaler Richtung zuruck- 
gezogen zu werden, wodurch ermogiicht wird, dass 
der Stent (58) radial bis zur Beruhmng mIt der Aor- 

40 tenwand expandiert. 



Revendications 
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50 



55 



Endoprothese intravasculaire (10) destinee a etre 
implant^e dans un lumen de corps, comprenant : 

une pluralite d'elements cylindriques (12) qui 
sont extensibles de maniere independante 
dans ia direction radiale et qui sont intercon- 
nect^s de fa^on d &tre generalement aiignes 
sur un axe longitudinal commun, chaque ele- 
ment cylindrique (12) poss6dant une configu- 
ration en serpenttn de cr§tes (16) et de silions 
(1 8) attemds ; 

une pluralite d'elements de connexion (14) des- 
tines a interconnecter lesdits elements cylindri- 
ques (12), lesdits 6lements de connexion (14) 
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etant configures pour interconnecter unique- 
men! lesdns elements cylindriques (12) qursont 
adjacents les'uns aux autres de fapon a ce que 
ladrte enaoprothese (1 0), lorsqu'elle est dilatee 
dans la direction radiale, conserve sa longueur 
lotale sans retrecissement appreciable ; 
ladite enaoprothese etant caracterisee en ce 
qu'etle comprend en outre 
une piuraiite de crochets (20) destines a atia- 
cher iadrie endoprothese (10) au tumen de 
corps, chaque crochet (20) 6tam prevu au ni- 
veau d'une Crete respective (1 6) d'un elennent 
cyiindrique (12) au niveau d'une premiere ex- 
tremtte (22) de ladite endoprothese (10), lesdits 
crochets (20) s'etendant depuis ladite premiere 
extremite (22) de ladite endoprothese (10) 
dans une direction hors de ladite endoprothese 
(1 0) et generalement parallele audit axe longi- 
tudinal commun. 

2. Endoprothese (10) selon la revendication 1, dans 
laquede iadiie piuraiite de crochets (20) penetre le 
lumen de corps pour fixer de maniere plus sure la- 
dite endoprothese (1 0) au lumen de corps. 

3. Endoprothese (10) selon la revendication 2, dans 
laquelie lesdits crochets (20) sont adaptes pour pe- 
n^trer a travers ledit lumen de corps. 

4. Endoprothese (1 0) selon ia revendication 1 , dans 
laquelie ladite piuraiite de crochets (20) possedent 
chacun une piuraiite d'ardillons qui s'etendent sur 
une distance depuis ledit crochet (20) et sont adap- 
tes pour penetrer a travers le lumen de corps. 

5. Endoprothese (10) selon la revendication 1, dans 
laquelie ladite plurality d'elements cylindriques (12) 
sont capables de conserver leur etat dilate sur une 
gamme de diametres. 

6. Endoprothese (10) selon ia revendication 1, dans 
laquelie ladite piuraiite d'elements de connexion 
(14) entre les elements cylindriques adjacents (12) 
s'etendent dans une direction generalement paral- 
lele audit axe longitudinal commun. 

7. Endoprothese (1 0) selon la revendication 1 , dans 
laquelie I'endoprothese (10) est formee a partir 
d'une piece unique de tuyau. 

8. Endoprothese (10) selon ia revendication 1. dans 
laquelie ladite endoprothese (1 0) est formee a partir 
d'une feullle plate de mat^rlau. 

9. Endoprothese (10) selon la revendication 8. dans 
laquelie ladite endoprothese (1 0) est enroulee dans 
une configuration cyiindrique a partir de ladite 
feuille plate de mat6riau, ladrte feullle plate de ma- 



teriau possedant une premiere barre de suppon 
longitudinale (36) et une deuxleme barre de support 
longitudinale (36) qui s'accoupleni quand ladite en- 
doprothese (1 0) est enroulee dans ladite configura- 
5 tion cyiindrique. 

10. Endoprothese (10) selon la revendication 9, dons 
laquelie ladite premiere barre de support longitudi- 
nale (36) et ladite deuxieme barre de support lon- 

10 gitudinale (36) sont fixees par un quelconque des 
moyens de soudage, brasage tendre. brasage et 
adhesff. 

11. Endoprothese (10) selon la revendication 8^ dons 
15 laquelie ladite endoprothese (1 0) est enroulee dans 

une configuration cyiindrique depuis ladite teuille 
plate de matehau, ladite feuille plate de materiau 
possedant une premiere arete longitudinale (28) 
avec une piuraiite de premiers joints a recouvre- 

20 ment (38) et une deuxieme arete longitudinale (30) 
avec une piuraiite de deuxiemes joints a recouvre- 
ment (38), lesdits premiers joints a recouvrement 
(38) et lesdits deuxiemes joints a recouvrement (38) 
se mettant en prise dans une relation d'accouple- 

25 ment quand ladite endoprothese 1 0) est enroulee 
dans ladite configuration cyiindrique. 

12. Endoprothese (10) selon la revendication 1, dons 
laquelie ladite endoprothese (10) est composee a 

30 partir d'un materiau biocompatible selectionne de- 
puis le groupe de materiaux comprenant de I'acier 
inoxydabie, du tantale et des polymeres themno- 
plastiques. 

35 13. Endoprothese (10) selon la revendication 1, dons 
laquelie lesdits crochets (20) sont attaches a ladite 
premiere extremity (22) de ladite endoprothese (10) 
par Tun quelconque des moyens de soudage, 
brasage tendre, brasage et adhesif. 

40 

14. Endoprothese (1 0) selon la revendication 1 , dans 
laquelie ladite endoprothese (1 0) est extensible de 
maniere radiale vers I'exterieur depuis Tinterieurpar 
unef orce af in que ladite endoprothese (1 0) se dilate 

45 depuis un premier diametre vers un deuxieme dia- 
m^tre plus grand pour mettre en prise le lumen de 
corps. 

15. Ensemble de greffon et endoprothese destine a re- 
50 parer un anevrisme d'aorte, I'ensemble 

comprenant : 

un greffon tubulaire extensible (52) possedant 
une extremite distale et une extremity proxima- 
55 le et pr6sentant une longueur suffisante pour 

^carter Tanevrisme de Taorte de f a^on a ce que 
ladite extremite distale et ladite extremite proxl- 
male puissent etre posrtionnees de maniere ad- 
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jacente au lissu sain de I'aone : 
une encsprothese extensible (58) selon la re- 
vendication 1 , fixee audit greffon (52), ladile en- 
doprothese (58) s'etendant sur au moins une 
longueur distale dudii greffon (52) de nnaniere 
a ce qu'a ia dilatation de la combinaison greffon 
et endoprothese au moins une premiere partie 
de ladtte endoprothese (SB) s'etende de manie- 
re distale par rappon e ladite ejaremite distale 
dudil greffon (52) ; ei de sorte que ladite plura- 
lite de crochets (20) sur ladite partie s'6tendant 
de maniere distale be ladite endoprothese (58) 
pulsse metire en prise la paroi aortique distale 
de ranevrisme et fixer Pensembie greffon el en- 
doprothese pour reparer I'anevrisme aortique ; 
das moyens fonmant catheter (60) destines a 
delrvrer et deployer ladite endoprothese (58) et 
ledit greffon (52), lesdits moyens formant ca- 
theter (60) possedant une partie tonnant ballon 
(62) pour dilater de maniere radiale ladite en- 
doprothese (58) lors de ia mise en prise avec 
la paroi de Taorte. 

16. Ensemble greffon et endoprothese selon la reven- 
dication 15, dans iequel ladite pluralite de crochets 
(20) sont adaptes pour pen6trer la paroi de taorte 
fixant ainsi la combinaison greffon et endoprothese. 

17. Ensemble greffon et endoprothese selon la reven- 
dication 15 ou 16, comprenant en outre une endo- 
prothese proximale (56) fixee audit greffon (52) au 
niveau de ladite extremite proximale du greffon et, 
ladite endoprothese proximale (56) s'^tendant sur 
au moins une longueur dudit greffon (52) de manie- 
re k ce qu'a la dilatation de la combinaison greffon 
et endoprothese, au moins une premiere partie de 
ladrte endoprothese proximale (55) s'etende en de- 
hors dudit greffon (52), ladite endoprothese proxi- 
male (56) possedant une pluralite d'elements cylin- 
driques (12) qui sont extensibles de maniere inde- 
oendante dans ta direction radiale et qui sont inter- 

t 

connectes de maniere a etre generalement alignes 
sur un axe longitudinal commun ; et une pluralite 
d'elements de connexion (14) pour interconnecier 
lesdits elements cylindriques (12), lesdits elements 
de connexion (14) etant configures pour intercon- 
necter uniquement lesdits elements cylindriques 
(12) qui sont adjacents les uns aux autres de f a^on 
a ce que ladite endoprothese proximale (56), lors 
de ia dilatation dans la direction radiale, conserve 
sa longueur globaie sans r6tr6cissement apprecia- 
ble. 

18. Ensemble greffon et endoprothese selon la reven- 
dication 17, dans Iequel ladite endoprothese proxi- 
male (56) possede une pluralite de crochets (20) 
sur son extremite proximale destines a penetrer la 
paroi de Taone fixant ainsi la combinaison greffon 



et endoprothese a la paroi de Taone. 

19. Ensemble greffon et endoprothese selon la reven- 
dication 15 ou 16, dans Iequel ladile endoprothese 

5 expansible (58) est placee de maniere coaxiale a 
rinterieur du et fixee audit greffon (52). 

20. Ensemble greffon el endoprothese selon la reven- 
dication 15; dans Iequel ladite partie tomnant ballon 

10 (62) aide a forcer lesdits crochets (20) dans tadiie 
paroi d'aorte. 



21 . Ensemble greffon et endoprothese selon Tune que!- 
conque des revendlcations 1 5 a20, dans Iequel les- 
dits moyens fonmant catheter (60) comprennent en 
outre une gaine retractable (64) destinee a retenir 
ladite combinaison greffon et endoprothese sur les- 
dits moyens formant catheter (60), ladite gaine re- 
tractable (64) etant adaptee pour eire retiree dans 
la direction proximale permettant ainsi a ladite en- 
doprothese (58) de se dilater de maniere radiale au 
contact de la paroi de Taorte. 
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